Abstract. This paper introduces the new and powerful image patch descriptor based on second order image statistics/derivatives. Here, the image patch is treated as a 3D surface with intensity being the 3rd dimension. The considered 3D surface has a rich set of second order features/statistics such as ridges, valleys, cliffs and so on, that can be easily captured by using the difference of rotating semi Gaussian filters. The originality of this method is based on successfully combining the response of the directional filters with that of the Difference of Gaussian (DOG) approach. The obtained descriptor shows a good discriminative power when dealing with the variations in illumination, scale, rotation, blur, viewpoint and compression. The experiments on image matching, demonstrates the advantage of the obtained descriptor when compared to its first order counterparts such as SIFT, DAISY, GLOH, GIST and LIDRIC.
Introduction
Local image feature extraction has evolved into one of the hot research topics in the field of computer vision. Extracting features that exhibit high repeatability and distinctiveness against variations in viewpoint, rotation, blur, compression, etc., is the basic requirement for many vision applications such as image matching, image retrieval, object detection, visual tracking and so on. For this purpose, a number of feature detectors [4] and descriptors [2] have been proposed. In the computer vision literature, features related to first order image statistics such as segments, edges, image gradients and corners have been used in abundance for image matching and object detection. Whereas, features related to second order statistics such as cliff, ridges, summits, valleys and so on have been sparsely used for the image matching and object recognition purpose. The scope of the work lies in the use of second order statistics for the task of image matching. 
Related Work
In one dimension, the first order gradient extracted at a point gives the slope of the curve at the given point. In case of an image, the first order gradient at a pixel measures the slope of the luminance profile at that pixel. Fan et al. [11] pool the first order image gradients based on their intensity orders in multiple support regions. By doing so, they achieve rotation invariance without actually calculating the reference orientation. DAISY, combines both SIFT and GLOH binning strategy for fast and dense matching. Ojala et al.
[5] came up with local descriptor made of first order binary patterns (LBP) for texture classification. Center-Symmetric LBP (CS-LBP) [6] and orthogonal color LBP (OC-LBP) [7] provides a compact representation of the LBP descriptor while keeping the same discriminative power. Zambanini et al. [15] propose LIDRIC descriptor, based on multi-scale and multi-oriented even Gabor filters. The descriptor is constructed in such a way that typical effects of illumination variations like changes of edge polarity or spatially varying brightness changes at each pixel are taken into account for illumination insensitivity. LIDRIC has a dimension of 768. Oliva et al. [14] employ Gabor filters to the greyscale input image at four different angles and at four spatial scales to obtain the GIST descriptor. The descriptor has a dimension of 512 and is more global. Authors of [12] propose a new descriptor called RSD-HoG. It is based on the
